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Abstract Animal populations generally increase after
release from hunting pressure and/or cessation of illegal
persecution. Implementation of full legislative protection of
the Eurasian badger Meles meles in Great Britain is thought
to have led to increases in badger abundance due to reduced
levels of persecution. Conversely, prevalence of badger
persecution in Northern Ireland was historically much higher
than in Great Britain, and badger abundance remained stable
over time despite similar legislative protection. We examined
temporal changes in the prevalence of badger sett disturbance
in Northern Ireland from 1990/1993 to 2007/2008 in relation
to population status. A total of 56 (12.6%) of 445 setts
surveyed during 1990/1993 had been disturbed compared to
29 (4.4%) of 653 setts during 2007/2008. This was a
significant decline (−65%) in the incidence of sett disturbance
over the 14–18-year period. Most notably, the incidence of
digging at badger setts, indicative of local badger baiting
activity, declined from 50% to 3.5% of disturbed setts. Signs
of recent disturbance were significantly more frequent at
disused setts suggesting that once disturbed, badgers may
vacate a sett. The number of badger social groups in Northern
Ireland did not differ between the two study periods, suggesting
that previously high levels of badger persecution did not limit
the number of badger social groups. The stability of the badger
population in Northern Ireland compared to the growing
population in Great Britain cannot be attributed to changes in
the prevalence of persecution. Differences in the trajectories of
both populations could be due to a range of factors including
climate, habitat composition and structure, farming practices or
food availability. More work is needed to determine how such
factors influence badger population dynamics.
Keywords Badger baiting . Eurasian badger .Meles meles .
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Introduction
The Eurasian badger Meles meles has been legally
protected in Great Britain since the Badger Act (1973)
with current protection being afforded under the more
recent Protection of Badgers Act (1992). Such legislation
outlawed the persecution of badgers through the distur-
bance of occupied setts. Illegal disturbance includes badger
baiting, where a live badger is dug out of its sett and entered
into fights with dogs. The signs of this activity are spade
marks, recent excavations, spoil heaps and vertical depres-
sions surrounding badger setts suggesting that attempts have
been made to access tunnels to remove badgers (Feore 1994;
Wilson et al. 1997; Sadlier and Montgomery 2004).
Badger baiting was first recorded in the UK during the
seventeenth century and historically, was common (Cresswell
et al. 1990; Griffiths 1992), most notably in the north of
England (Taylor 1956; Jenkinson and Wheater 1998). During
the 1970s, there was a marked increase in the prevalence of
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digging at setts nationally (Cresswell et al. 1990), and where
badger baiting was most prevalent, there was an associated
decline in the number of active setts. For example, in west
Yorkshire, the number of active setts fell from 91% to 34%
between the periods 1970–1976 and 1977–1978 (Paget
and Patchett 1978). Therefore, there is evidence suggesting
that persistent persecution can detrimentally affect badger
abundance, at least on a regional scale. During the 1980s,
there were a total of 41,900 ± 4,400 badger social groups in
Great Britain (Reason et al. 1993), with approximately 9,000
setts (21%) affected by digging each year between the 1970s
and 1990s (Cresswell et al. 1990).
Subsequent to the introduction of full legislative protection,
signs of digging at setts declined by >50% throughout Great
Britain from 1988 to 1997 (Wilson et al. 1997). The total
number of estimated badger social groups was believed to
have increased by 24%, and the total number of badgers
increased during the same period (Wilson et al. 1997). Focal
surveys of badger abundance reported similar increases at a
local level (Rogers et al. 1997; Ostler and Roper 1998;
Macdonald and Newman 2002). Consequently, Wilson et al.
(1997) put forward the hypothesis that increased legislative
protection resulted in a national increase in badger abun-
dance due to reduced levels of persecution through sett
interference. Badgers received full legislative protection in
Northern Ireland earlier than in Great Britain, through the
Wildlife (NI) Order (1985), which specifically outlawed the
disturbance of occupied setts. Sadlier and Montgomery
(2004) supported the general hypothesis of Wilson et al.
(1997) but noted that in Northern Ireland there was no
change in levels of badger persecution post-legislation and,
consequently, no overall change in either the number of
social groups or badgers from 1990 to 1998.
National surveys suggested that levels of persecution
have been considerably higher in Ireland than Great Britain.
Badger social groups construct a variety of setts typically
classified as main, annex, subsidiary or outlier based on
their size and degree of activity (Roper 2010). Feore (1994)
reported that 12.6% of all setts and 19.6% of main setts in
Northern Ireland showed signs of having been disturbed,
and Smal (1995) reported that 14.8% of all setts and 20.6%
of main setts in the Republic of Ireland had been deliberately
damaged. In contrast, Wilson et al. (1997) suggested that
only 4.0% of main setts in Great Britain showed any signs of
active disturbance. Persecution included blocking sett entran-
ces, slurry being pumped into holes and snaring. Disturbance
also includes less direct and unintentional or incidental
disruption, for example, ploughing or trampling by livestock
and development, such as the construction of roads or houses.
This paper examines temporal changes in the prevalence
of disturbance at badger setts between 1990/93 (Feore 1994)
and 2007/08 following a second complete survey of badger
setts throughout Northern Ireland. This represents a longer
interval and more comprehensive study than that conducted
by Sadlier and Montgomery (2004) and reevaluates their
hypotheses: (1) “where there is no change in the level of sett
disturbance, the number of social groups will remain
unchanged” and (2) “if sett disturbance affects group size,
those groups suffering frommost disturbance will be smallest”.
Materials and methods
Sett surveys
Levels of interference at setts were assessed and compared
between 1990/1993 and 2007/2008 during two national
badger surveys designed to assess the density of badger
setts throughout Northern Ireland. During 1990/1993, sett
surveys were conducted within 144×1-km Ordinance
Survey grid squares, each positioned at the southwest corner
of each 10-km grid square, providing a geographically
uniform sample (Feore 1994), which also represented all
eight landclass groups within Northern Ireland in proportion
to their availability (Murray et al. 1992). During 2007/08, a
repeat survey of the same 1-km squares was carried out to
assess temporal changes in the density and abundance of
badger setts. An additional 75×1-km squares were surveyed,
allocated at random within the three landclass groups
determined as having the highest badger social group density
during the 1990/1993 survey (i.e. Drumlin farmland,
Marginal uplands and Settled uplands). This increase in
sample size was intended to provide a more precise estimate
of social group density in those areas where badgers were
more common. Consequently, a total of 219×1-km squares
were allocated for survey during 2007/2008.
Surveys were conducted during winter when ground
vegetation was minimal and setts were most easily detected.
To ensure that all setts were located within each survey
square, all linear features such as hedgerows, ditches, stone
walls and habitat boundaries were walked. Forest blocks
were sampled using either a zigzag transect system where
patches were small and the number of surveyors limited or
a line of surveyors spaced out at regular intervals where
patches were large and a greater number of surveyors were
available. Dense habitats such as gorse (Ulex europaeus L.) or
bramble (Rubus fruticosus L.) dominated scrub were
surveyed by walking the habitat boundary, noting badger
activity such as runs or latrines with subsequent investigation
of the interior of the habitat patch if their presence was
indicated.
Sett location (ten-figure grid reference recorded using a
handheld GPS), type (main, annex, subsidiary or outlier),
size (number of entrances) and activity (active or disused) was
recorded. Sett type was determined using a combination of
sett size and activity. Specially, well-used holes were
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characterised by signs of regular use including conspicuous
spoil heaps with signs of fresh digging, regular trampling of
soil and/or vegetation, deposition of fresh bedding such as
dried grass and obvious well-worn paths radiating from the
sett. Partially used holes generally showed evidence of use but
not to the same extent as well-used holes including trampling
of soil and/or vegetation and the deposition of old bedding.
Runs radiating from partially used holes were not as defined
as those associated with well-used holes. Disused holes were
often partially or completely filled with debris such as leaf
litter and showed no signs of recent activity.
Main setts were those with a large number of entrances
and a greater proportion of well-used holes than other sett
types. Main setts were usually surrounded by a number of
well-worn paths. Annex setts were taken as those adjacent
to a main sett, generally within 150 m and typically linked
to a main sett by conspicuous well-worn paths. Due to their
proximity to a main sett, they may not have been in
continuous use and thus generally had a greater proportion
of partially used holes than their associated main sett.
Subsidiary setts were generally more isolated from main
setts than annex setts and were not connected to other setts
by paths. A subsidiary sett typically had two or three
partially used entrances. Outlier setts usually had just one
entrance and were not normally associated with large spoil
heaps or worn paths. Outlier setts are liable to fall out of
use and were generally characterised by partially used and
disused holes.
Interference with sett structure during 1990/1993 and
2007/2008 was recorded as (1) recent digging, (2) entrances
being blocked with soil, boulders, branches or other debris
inserted directly into holes, (3) dumping of farm debris
including bricks on top of setts, (4) agricultural disturbance
such as setts being ploughed over or damaged by livestock
trampling, (5) development such as the construction of roads
or newly built houses and (6) other sources of disturbance
such as slurry being pumped into holes. Social group density
was taken as the number of active main setts within each 1-km
survey square. All field surveyors were trained in field
techniques prior to the start of fieldwork to ensure the
consistency and standardisation of the data returned.
Environmental data
ARCGIS 9.3 (ESRI, CA, USA) was used to extract
environmental parameters associated with each sett including
location (northing and easting), proximity to nearest urban
area and the area of improved pasture within a 300-m buffer
zone of each sett. The latter distance was chosen as an
approximation of the radius of the average badger territory
(Neal and Cheeseman 1996). The latter two metrics were
defined and extracted using the Land Cover Map 2000
(Fuller et al. 2002).
Statistical analyses
Descriptive statistics were used to compare the classification
of sett types using sett size and levels of activity at entrances
between surveys during 1990/93 and 2007/08. This was
necessary to establish that data were comparable between both
time periods despite having been collected by different
observers.
Descriptive statistics and Chi-squared (χ2) tests of
association were applied to changes in the prevalence of sett
disturbance between 1990/1993 and 2007/2008. Percentage
prevalence values were bootstrapped using the Resampling
Stats Excel Add-in v4.0 to generate 95% confidence intervals
(CI). The occurrence of sett disturbance (present/absent) was
examined using logistic regression fitting sett use (active/
disused) as a fixed factor and sett size (number of entrances),
northing, easting, urban proximity (meters), the area of
improved pasture within 300 m of each sett and social group
(main sett) density as covariates. The interactions of sett use×
sett size and northing×easting were also fitted. To allow the
direct comparison of regression coefficients (β values ± SE),
variables were standardized to have a x ¼ 0 and a σ=1 prior
to analysis. Model performance was judged using the area
under the receiver operating characteristic (ROC) curve
known as the area under curve (AUC) value. All statistical
analyses were performed using SPSS v17.
Results
Data between 1990/1993 and 2007/2008 were deemed
directly comparable as neither the size of setts, classified as
main, annex, subsidiary or outliers (Appendix 1) nor the level
of sett activity, determined by the number of well-used,
partially used and disused entrances (Appendix 2), differed
between the two studies.
A total of 56 (12.6%) of 445 setts located within 140
squares were found to be disturbed during 1990/1993. A
total of 212 squares (140 plus 72 squares) were
successfully surveyed out of the 219 squares allocated
for survey during 2007/2008. A total of 29 (4.4%) of 653
setts were found to be disturbed during 2007/2008. This
represented a significant 64.6% decline in the prevalence
of disturbance through interference with sett structure
over a 14–18-year period ( #2df¼1 ¼ 20:80, p<0.001). The
32% increase in the number of setts examined reflects
greater survey effort during 2007/2008. A similar magni-
tude of change in the prevalence of disturbance was
detected when using only those squares that were directly
comparable between both surveys (i.e. 140 squares only).
Thus, hereafter, all results will refer to the whole sample
from 2007/2008 (140 plus 72 squares) as this contained the
most information. Estimates of badger social group density
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and badger abundance did not differ significantly between
the two surveys with 8,800 social groups (95% CI, 6,800–
10,700) and 37,600 badgers (95%CI, 29,000–46,300) during
1990/1993 (Feore 1994) and 7,600 social groups (95%CI,
6,200–9,000) and 34,100 badgers (95% CI 26,200–42,000)
during 2007/2008 (Reid et al. 2008).
Main setts were most frequently disturbed with 19.6% of
main setts affected during 1990/1993 compared to 10.4%
during 2007/2008 (a decline of 47.2%; Fig. 1). Recent
evidence of interference was most frequently recorded at
inactive or disused setts (Fig. 2).
The most common type of disturbance during 1990/1993
was digging, occurring at 28 (50.0%) of the 56 disturbed
setts. During 2007/2008, digging was recorded at only 1
(3.5%) of 29 disturbed setts indicating a substantial decline
in active persecution of badgers ( #2df¼1 ¼ 10:50, p≤0.001).
The second most prevalent type of disturbance during
1990/1993 was blocking sett entrances with boulders,
branches and infilled soil, occurring at 14 (25%) of 56
disturbed setts. During 2007/2008, blocking sett entrances
was recorded at 21 (72.4%) of 29 disturbed setts suggesting a
substantial increase in this type of disturbance ( #2df¼1 ¼ 6:83,
p<0.01; Fig. 3).
During 2007/2008, sett features, local habitat and
geographic region significantly influenced the probability of
sett disturbance (logistic regression #2df¼9 ¼ 42:408, p≤0.001.
Nagelkerke r2=0.233, AUC=0.834; Table 1). Interference
was positively associated with sett size, defined as the number
of entrances. Disused (inactive) setts had a greater likelihood
of exhibiting evidence of recent disturbance than currently
active setts (Fig. 2). Whilst badgers were widespread (Fig. 4a),
the occurrence of sett disturbance was geographically biased
towards Co. Down in the southeast (Fig. 4b) as demonstrated
by the significant interaction of northing×easting. The
area of improved pasture within 300 m of the sett, which
is a preferred feeding habitat and a proxy of cattle
density in pastoral areas, also significantly increased the
likelihood of badger persecution. Social group (main sett)
density and urban proximity had no influence on the
probability of disturbance.
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Discussion
We provide evidence that the incidence of badger persecution
through interference with sett structure significantly and
substantially decreased (by 65%) throughout Northern
Ireland over the 14–18-year period between 1990/1993
and 2007/2008. Sadlier and Montgomery’s (2004) limited
resurvey reported higher levels of sett disturbance in
Northern Ireland than in Great Britain. Disturbance in
Northern Ireland was similar over the 4–8-year period
between 1990/1993 and 1997/1998 coincident with no
overall change in the badger population. The incidence of
sett disturbance during the full survey of 2007/2008 was
4.4% and, therefore, comparable to levels previously
reported in Great Britain of 4.0% (Wilson et al. 1997).
The number of badger social groups in Northern Ireland
did not differ significantly between 1990/1993 and 2007/
2008. Whilst badger numbers increased in Great Britain
after release from persecution, there was no corresponding
increase in the number of badger social groups throughout
Northern Ireland coincident with the marked decline in
sett interference. Consequently, by testing the converse
hypothesis, our results do not support Sadlier and
Montgomery’s (2004) hypothesis that “where there is no
change in the level of sett disturbance, the number of
social groups will remain unchanged”.
The prevalence of digging at setts decreased notably
from 50.0% to 3.5% of disturbed setts between 1990/1993
and 2007/2008, perhaps suggesting a major shift in
attitudes regarding badgers. Cockfighting, dogfighting, fox
hunting and hare coursing are banned throughout most of
the UK, and any continuing illegal activity occurs at a
frequency much less than historical levels. Whilst the
frequency of disturbance events decreased significantly in
absolute terms during the study period, people continued to
block sett holes and entrances with boulders, branches or
infilled soil. Consequently, this activity represented the
majority of disturbance incidents during the 2007/2008
survey (72.4% of events).
Disturbance was positively correlated with sett size and
was most frequent at main setts. In Ireland, the majority of
setts are constructed in field hedgerows (Feore 1994; Smal
1995). It seems likely, therefore, that large main setts in
such locations may be more visible and attract more
Explanatory variable(s) β±SE Fdf p
Sett size (number of entrances) 0.786±0.158 24.771 <0.001
Northing×easting −1.050±0.411 6.521 0.011
Improved grassland within 300 m 0.632±0.284 4.821 0.028
Sett use (active/disused) 1.216±0.558 4.751 0.029
Easting 0.577±0.279 4.281 0.039
Sett size×sett use −0.230±0.565 0.171 0.683
Social group density 0.074±0.253 0.091 0.769
Northing 0.045±0.284 0.031 0.875
Urban proximity −0.034±0.226 0.021 0.882
Table 1 Summary of logistic
regression predicting badger
sett disturbance based on sett
parameters and local
environmental factors
Fig. 4 The distribution of a active badger setts and b incidence of sett disturbance by interference with sett structure during 2007/2008
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attention than smaller annex, subsidiary or outlier setts.
Moreover, active main setts are more likely to contain
badgers than outlying sett types and, therefore, more likely
to be targeted. The interaction between sett use×sett size
did not influence the probability of disturbance, indicating
that the effect of sett size was consistent regardless of
whether a sett was active. Active main sett size has been
related positively to social group size (Wilson et al. 1997;
Sadlier and Montgomery 2004). If this is so, our results lend
some support to Sadlier and Montgomery’s (2004) hypothesis
that “those groups suffering from most disturbance will be
smallest” as disturbed setts were more likely to fall out of use
and therefore less likely to be visited and occupied by badgers.
Prevalence of persecution was greatest in southeast
Northern Ireland. Pastoral farming in inter-drumlin fertile
lowlands predominates in the south and southeast of the
province and supports some of the highest densities of
cattle anywhere in Northern Ireland (McGrath et al. 2009).
Moreover, this region had a significant concentration of herd
breakdowns from bovine tuberculosis, in the transmission of
which badgers are implicated (Abernethy et al. 2006). Whilst
the prevalence of persecution was independent of badger
social group density at the local scale (within 1-km survey
squares), social group density overall was highest in County
Down (Feore 1994; Sadlier 1999; Sadlier and Montgomery
2004; Reid et al. 2008). Therefore, it is expected that the
prevalence of badger persecution should be greatest in this
region.
Sadlier and Montgomery (2004) suggested poor land
access in Northern Ireland, including restrictions to private
land and a lack of public footpaths and bridleways, may be
a factor facilitating persecution resulting in fewer people
being caught and convicted than in Great Britain. Moreover,
the underlying attitudes towards wildlife may differ between
jurisdictions with a greater public knowledge and support for
wildlife issues in Great Britain which has more wildlife
organisations, including badger groups. However, land has
become increasingly accessible in Northern Ireland in recent
years, and the advent of the ‘Northern Ireland Badger Group’,
an independent, nonprofit initiative which aims to promote the
understanding, protection and welfare of badgers, has created
a campaign platform for badger protection issues. The
incidence of badger persecution in Northern Ireland is now
largely similar to that in Great Britain, but the benefits of
legalisation would have been expected to be shown earlier in
Northern Ireland than Great Britain as full protection was
introduced in 1985 compared to 1992. Whilst we cannot rule
out the efficacy of legislation, it seems more likely that the
significant change in the incidence of sett disturbance was
related to increased land access, promotion of badger
protection and socioeconomic and cultural changes which
have made hunting for sport less morally and ethically
acceptable.
The present study rejects the hypothesis that previous
high levels of badger persecution in Northern Ireland
constrained badger population size at a regional level by
limiting the number of social groups. The stability of the
badger population in Northern Ireland in comparison to the
growing population of Great Britain cannot be attributed to
levels of persecution. Differences in the trajectories of both
populations may be due to a range of factors including
climate, habitat composition and structure, farming practices
or food availability. Further work would be needed to
determine whether these factors contribute significantly to
temporal changes in badger population size.
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Table 2 Modal sett activity, as defined by the number of well-used, partially used and disused holes, compared between 1990/93 and 2007/08
Number of entrances
1990/1993 (Feore 1994) 2007/2008 (current study)
Sett classification Well-used Partially used Disused Total Well-used Partially used Disused Total
Main 4 1 2 7 4 2 1 7
Annex 2 1 1 4 2 1 1 4
Subsidiary 1 1 1 3 1 1 1 3
Outlier 0 1 0 1 0 1 0 1
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